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Processes and Vectors for amplification or expression of 
nucleic acid sequences of interest in plants 

FIELD OF THE INVENTION 

The present invention relates to processes and vectors for causing amplification or 
expression of one or more nucleic acid sequences of interest in a plant cell. 

BACKGROUND OF THE INVENTION 

Significant progress in plant biotechnology during the last two decades has opened the 
opportunities for commercial scale molecular farming in plants. The production of recombinant 
proteins in plants is an attractive alternative to more traditional systems based on bacteria and 
yeasts. It has an obvious advantage over the existing systems built on fermenters production 
due to its lower cost and the easiness of upscaling the production by simply increasing the 
harvesting of plant biomass. 

In general, molecular farming in plants can be achieved by stable or transient 
expression of a recombinant protein of interest (Franken et al., 1997, Curr. Opin. BiotechnoL, 
IL 411-416; Fischer et a/., 1999, Biotechnol. Appl. Biochem., Pt 2. 101-108; Herbers & 
Sonnewald, 1999, Curr. Opin. Biotechnol., 10^ 163-168). Stable transgenic plants can be used 
to produce vegetative tissues or seeds rich in recombinant protein. Vegetative tissue can be 
used directly for the processing while the seeds are more suitable for long-term storage. 
However, to reach high level of protein expression in plants is not an ordinary task, especially 
for the production of proteins compromising the plant growth. It requires the development of 
appropriately regulated expression systems, thus allowing to switch on the protein production 
at the right stage of plant development. 

Existing technologies for controlling gene expression in plants are usually based on 
tissue-specific and inducible promoters and practically all of them suffer from a basal 
expression activity even when uninduced, i.e. they are "leaky". Tissue-specific promoters 
(US05955361; WO09828431) present a powerful tool but their use is restricted to very specific 
areas of applications, e.g. for producing sterile plants (W09839462) or expressing genes of 
interest in seeds (WO00068388; US05608152). Inducible promoters can be divided into two 
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categories according to their induction conditions - those induced by abiotic factors 
(temperature, light, chemical substances) and those that can be induced by biotic factors, for 
example, pathogen or pest attack. Examples of the first category are heat-inducible (US 
05187287) and cold-inducible (US05847102) promoters, a copper-inducible system (Mett et 
al., 1993, Proc. Natl. Acad. ScL, 90^4567-4571), steroid-inducible systems (Aoyama & Chua, 
1997, Plant J., 11, 605-612; McNeills et al., 1998, Plant J. , 14, 247-257; US06063985), an 
ethanol-inducible system (Caddick et a/., 1997, Nature Biotech., 16, 177-180; WO09321334), 
and a tetracycline-inducible system (Weinmann et ai, 1994, Plant J., 5, 559-569). One of the 
latest developments in the area of chemically inducible systems for plants is a chimaeric 
promoter that can be switched on by glucocorticoid dexamethasone and switched off by 
tetracycline (Bohner et al., 1999, Plant J., 19, 87-95). For a review on chemically inducible 
systems see: Zuo & Chua, ( 2000, Current Opin. Biotechnol., It, 146-1 51 ). Other examples of 
inducible promoters are promoters which control the expression of patogenesis-related (PR) 
genes in plants. These promoters can be induced by treatment of the plant with salicylic acid, 
an important component of plant signaling pathways in response to pathogen attack, or other 
chemical compounds (benzo-1,2,3-thiadiazole or isonicotinic acid) which are capable of 
triggering PR gene expression (US05942662). 

There are reports of controllable transgene expression systems using viral RNA/RNA 
polymerase provided by viral infection (for example, see US6093554; US5919705). In these 
systems, a recombinant plant DNA sequence includes the nucleotide sequences from the viral 
genome recognized by viral RNA/RNA polymerase. The effectiveness of these systems is 
limited because of the low ability of viral polymerases to provide functions in trans and their 
inability to control processes other than RNA amplification. 

The systems described above are of significant interest as opportunities of obtaining 
desired patterns of transgene expression, but they do not allow tight control over the 
expression patterns, as the inducing agents (copper) or their analogs (brassinosteroids in case 
of steroid-controllable system) can be present in plant tissues at levels sufficient to cause 
residual expression. Additionally, the use of antibiotics and steroids as chemical inducers is not 
desirable for the large-scale applications. When using promoters of PR genes or viral 
RNA/RNA polymerases as control means for transgenes the requirements of tight control over 
transgene expression are also not fulfilled, as casual pathogen infection or stress can cause 
expression. The tissue or organ-specific promoters are restricted to very narrow areas of 
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applications, since they confine expression to a specific organ or stage of plant development, 
but do not allow the transgene to be switched on at will. 

One way of achieving high level of protein production is transient expression, where the 
transgene can be delivered and expressed at the desired stage of plant development, fully 
exploiting plant resources and allowing high yield of the desired product. The transient 
expression approach most suitable for medium to large-scale production include 
Agrobacterium-mediated (Kapila etal., 1996, Plant Sci., 122. 101-108) and plant viral vector- 
mediated systems (for review see: Porta & Lomonossoff, 1996, Mol. BiotechnoL, 5^ 209-221; 
Yusibov et at., 1999, Curr.Top. Microbiol Immunol.. 240. 81-94). Viral vector-based expression 
systems offer a significantly higher yield of transgene product compared to plant nuclear 
transgenes. For example, the level of transgenic protein can reach 5-10% of the total cellular 
plant protein content, when expressed from a viral vector (Kumagai et al., 2000, Gene, 245, 
169-174; Shivprasad etal., 1999, Virology, 255. 312-323). RNA viruses are the most suitable 
as they offer a higher expression level compared to DNA viruses. There are several published 
patents which describe viral vectors suitable for systemic expression of transgenic material in 
plants (US531 6931 ; US5589367; US5866785). In general, these vectors can express a foreign 
gene as a translational fusion with a viral protein (US5491076; US5977438), from an additional 
subgenomic promoter (US5466788; US5670353; US5866785), or from polycistronic viral RNA 
using IRES elements for independent protein translation (German Patent Application No. 
10049587.7, PCT application PCT/EP01/11629). The first approach - translational fusion of a 
recombinant protein with a viral structural protein (Hamamoto et a/., 1993, BioTechnology, 11^ 
930-932; Gopinath et ai, 2000, Virology, 26L. 159-173; JP61 69789; US5977438) gives 
significant yield. However, the use of such an approach is limited, as the recombinant protein 
cannot be easily separated from the viral one. One of the versions of this approach employs 
the translational fusion via a peptide sequence recognized by a viral site-specific protease or 
via a catalytic peptide (Dolja et al., 1992, Proc. Natl. Acad. Sci. USA, 89^ 10208-10212; 
Gopinath etal., 2000, Virology, 26L 159-173; US51 62601; US5766885; US5491076). 

Expression processes utilizing viral vectors built on heterologous subgenomic 
promoters provide the highest level of protein production to date (US5316931). The most 
serious disadvantage of such vectors and many others is their limited capacity with regard to 
the size of DNA to be amplified. Usually, stable constructs accommodate inserts of not more 
than one kb. In some areas of plant functional genomics this may not be such a serious 
limitation as G. della-Cioppa et al. (W0993651) described the use of TMV-based viral vectors 
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to express plant cDNA libraries with the purpose of silencing endogenous genes. Two- 
component amplification systems which make use of helper viruses may offer a slightly better 
capacity (US5889191). However, for most applications, including production of proteins or low- 
molecular weight compounds in plants, these limitations cannot be remedied within existing 
processes. For example, in order to produce biodegradable plastics in plants, up to four 
recombinant genes must be expressed (Hanley et a/., 2000, Trends Plant Sc/., JL 45-46) and 
at least seven bacterial genes are required for modulation of the mevalonate biosynthetic 
pathway in plants (Dewick, P., 1999, Nat. Prod. Rep., 16, 97-130). 

A further serious concern with prior art virus-based plant expression systems is 
biological safety. On the one hand, high infectivity of the recombinant virus is highly desired in 
order to facilitate spread of the virus throughout the plant and to neighboring plants thereby 
increasing the yield of the desired gene product. On the other hand, such a high infectivity 
compromises containment of the recombinant material since spread to undesired plants may 
easily occur. Consequently, safer virus-based plant expression systems are highly desired. 

Therefore, it is an object of the invention to provide a process of amplification or 
expression of a nucleic acid sequence of interest in a plant cell, which does not have the 
above-mentioned shortcomings and notably does not have the size limitation of the sequence 
of interest. 

It is another object of the invention to provide a new process which allows amplification 
or expression of more than one nucleic acid sequences of interest in a plant cell. 

Further it is an object of the invention to provide a process of amplification or 
expression of nucleic acid sequence(s) of interest in a plant cell, which is of improved 
ecological and biological safety. 

Here, we describe a system that is devoid of the above limitations: it has no detectable 
limit on the size of DNA to be expressed, it allows expressing multiple genes in the same cell 
and plant and it possesses high built-in biosafety parameters. 

SUMMARY OF THE INVENTION 

This invention provides a process of causing amplification and/or expression of one or 
more nucleic acid sequences of interest in a plant, plant tissue, plant cell or cell culture, 
characterized in that a plant cell is provided with at least one precursor vector designed for 
undergoing processing in said cell, whereby due to said processing said plant cell is endowed 
with at least one replicon which provides for said amplification and/or expression, whereby said 
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at least one replicon is preferably structurally related to each of said at least one precursor 
vectors owing to said processing. 

This invention further provides a process of causing amplification and/or expression of 
one or more nucleic acid sequences of interest in a plant, plant tissue, plant cell or cell culture, 
characterized in that a plant cell is provided with at least one precursor vector designed for 
undergoing processing in said cell, whereby due to said processing said plant cell is endowed 
with at least two replicons which 

(a) are structurally related to each other owing to said processing; 

(b) are functionally distinct from each other; and 

(c) provide for said amplification and/or expression. 

Further, the invention provides a process of causing amplification and/or expression of 
one or more nucleic acid sequences of interest in a plant, plant tissue, plant cell or cell culture, 
characterized in that a plant cell is provided with at least two precursor vectors designed for 
undergoing processing in said cell preferably by site-specific recombination, whereby due to 
said processing said plant cell is endowed with at least one replicon which provides for said 
amplification and/or expression. Preferably, said at least one replicon is structurally related to 
each of said at least two precursor vectors owing to said processing. 

This invention further describes a process for the production of a biochemical product, 
a process for gene function determination, and a process for artificial or directed evolution, 
whereby each of these processes comprises one of the above processes of causing 
amplification and/or expression. 

Moreover, vectors or precursor vectors and viral material for this process are provided 
and viral material, replicons and plant material obtained or obtainable by performing this 
process. Viral material comprises nucleic acids capable of replicating in a plant cell. It 
comprises infectious DNA or RNA. Viral material may be naked or coated with a coat protein. 

Further, a kit-of-parts comprising (i) plant cells, seeds or plants and (ii) the above 
vectors, precursor vectors, viral material, or replicons are provided. A further kit-of-parts is 
provided comprising (i) plant cells, seeds or plants and (ii) Agrobacterium cells containing the 
above vectors, precursor vectors, viral material, or replicons. 

The process of the invention causes amplification and/or expression of one or more 
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nucleic acid sequences of interest in a plant cell. Amplification refers to the production of DNA 
or RNA (e.g. for anti-sense technology). Expression refers to the formation of a polypeptide or 
protein. In both cases, the ultimate goal may be a biochemical product the production of which 
may require amplification of said DNA or RNA and/or expression of a polypeptide or protein. 

The process of the invention may be carried out in a plant, plant tissue, plant cell or cell 
culture. It is preferred to carry out said process in plant cells. Most preferably, said process is 
carried out in a plant. 

According to the invention, providing a plant cell with a precursor vector may comprise 
viral transfection, Agrobact erium-mediated delivery, non-biological delivery, or conversion of a 
replicon pre-precursor DNA that was pre-integrated into a plant nuclear DNA to form a 
precursor vector or vectors. However, said providing a plant cell with a precursor vector may 
further comprise, in addition to transfection or transformation, cellular action, e.g. in the case 
of RNA virus-based precursor vectors, a primary transformed or transfected DNA may require 
transcription in order to produce the RNA precursor vector in the cell. In the case of 
Agrobacterium-mediated delivery, the precursor vector may have to be excised or transcribed 
from T-DNA delivered by Agrobacterium. 

A replicon is a DNA or RNA molecule capable of autonomous replication in a cell of 
said plant. Examples include: bacterial and yeast plasmids, plastids and mitochondrial DNA, 
DNA and RNA viruses, viroids, phages. A replicon has to have an origin of replication. The 
origin of replication may be recognized by a DNA or RNA polymerase of the host plant cell, 
depending on whether the replicon is a DNA or an RNA replicon, or by a heterologous 
polymerase e.g. of viral origin. In this case, the plant cell has to be provided with said 
heterologous polymerase e.g. by one of said replicons. The autonomous replication of the 
replicons in the plant cell has presumably the effect that their concentration is increased, which 
may increase the expression level of the sequences of interest and support spread from cell- 
to-cell and throughout the plant. Preferably, replicons have an increased infectivity and ability 
to spread compared to precursor vectors. 

Said at least one or said. at least two replicons may retain additional viral capabilities 
such as viral particle assembly, infectivity, suppression of gene silencing, reverse transcription, 
integration into the host chromosome, cell to cell movement, or long distance movement. One 
of said replicons may essentially be a helper type virus which provides in trans functions 
necessary for replication of another replicon or replicons. Further, one of said replicons may 
essentially be a wild-type retrovirus or retrotransposon which provides in trans functions 
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necessary for replication, reverse transcription, integration into a host chromosome of another 
replicon or replicons. 

Said at least one or said at least two replicons provide, preferably together, for the 
amplification and/or expression of said nucleic acid sequences of interest. If one sequence of 
interest is amplified or expressed from one of said replicons another replicon may be required 
e.g. for a function necessary for the replication of said replicons or for spreading of at least one 
replicon to neighboring cells if said process is performed in cell culture or in a plant. In this 
case, the replicons cooperate functionally with each other. 

If more than one sequence of interest is to be amplified or expressed, each sequence 
may preferably be expressed from one replicon, whereby the replicons provide (together) for 
said amplification or expression. Also in this case, the replicons preferably cooperate 
functionally with each other. As an example, a function for replication or spreading of said 
replicons may be expressed from one or some of said replicons which amplify or express said 
sequences of interest or from an additional replicon. Without functional cooperation, the 
amplification or expression level would be much lower or be limited to the cell(s) provided with 
said precursor vector(s), if amplification or expression is desired in plant cells or a plant. 

Said at least one or said at least two replicons are functionally distinct from each other 
in that they provide different functions for amplification and/or expression of said sequence(s) 
of interest. Examples for such functions include, in addition to coding of said nucleic acid 
sequence(s) of interest, the expression of products necessary for replicating the replicons, 
expression of factors or products (preferably enzymes) which facilitate the processing of the 
precursor vector(s) to give said replicons, expression of products necessary for cell to cell or 
long distance or plant to plant movement of said replicons (e.g. movement protein or coat 
protein) etc. These products may function in trans or in cis. Functional distinctness does not 
include random mutations in the replicons which may occur in the course of the processing in 
the plant cell. 

Owing to said processing,. said at least replicons are structurally related to each other 
in that they share sequence portions with each other. The type of the relatedness depends on 
the type of processing (modification process). If one replicon is produced in said process, said 
replicon is structurally related to said at least one or to each of said at least two precursor 
vectors owing to said processing. 

The precursor vectors of the invention undergo processing in the plant cell by one of 
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the following DNA or RNA modification processes, which endows the plant cell with the 
replicon or replicons according to the invention. The processing in the plant cell may involve 
DNA modification such as DNA recombination, insertion or excision etc. Alternatively, it may 
involve RNA modification such as RNA splicing, ligation or recombination etc. Within this 
invention, said processing does not include transcription. The precursor vector may itself be a 
DNA or RNA molecule capable of autonomous replication in a cell of said plant. 

The precursor vector(s) of this invention are preferably of plant viral origin, more 
preferably of an RNA virus or DNA virus origin. Examples of specific viruses are given below. 
Precursor vectors may be capable of autonomous replication in the plant cell as are replicons. 

The plant cell may be provided with one or more precursor vectors. If the cell is 
provided with only one precursor vector, this precursor endows the plant cell with at least two 
replicons. If the cell is provided with two or more precursor vectors, the cell is preferably 
endowed with said at least one or said at least two replicons by a processing which involves 
interaction between said precursor vectors, e.g. recombination. Providing the plant cell with 
two or more precursor vectors greatly increases the possibilities for generating the replicon or 
replicons of the invention. Several different DNA or RNA modifications may occur in the plant 
cell depending on the design of the precursor vectors. 

The process according of the invention is based on the use of a wild-type plant cell(s) 
or on a plant cell(s) that is (are) genetically engineered so as to provide functions necessary 
for said processing, or to provide in trans one or more functions necessary for infectivity, 
replicon replication, virus particle assembly, suppression of gene silencing by the host, 
integration into a host chromosome, reverse transcription, cell to cell or long distance 
movement of said resultant replicons. Said genetic engineering of said plant cell is done by 
transient expression, virus- or Agrobacterium-n\e<i\a\ed transfection, stable integration into 
genomes of nuclei or organelles or into autonomously replicating plasmids of said plant cell. 
The plant cells and plants for the process of this invention are preferably higher plants or cells 
thereof. Crop plants are particularly preferred. 

The process of causing amplification or expression according to the invention features 
several important advantages over the prior art. The size of the nucleic acid sequence(s) of 
interest to be amplified or expressed is far less limited than in the prior art, since functions 
necessary for amplification or expression are shared by at least two replicons, whereby the 
replicons are smaller than a prior art vector would be. Consequently, amplification or 
expression is more efficient. 
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Furthermore, the process of the invention allows the amplification and/or expression of 
more than one nucleic acid sequence of interest. Examples are provided for the expression of 
two genes of interest. However, the expression of three, four or even more nucleic acid 
sequence of interest is feasible within this invention. This allows the expression of a whole 
biochemical pathway or cascade or of a multi-subunit protein. Each sequence of interest may 
preferably be expressed from one replicon. Additional function(s) for efficient performance of 
the process like those listed below may be located on an additional replicon. Alternatively, a 
replicon may encode more than one of these functions. 

A third important advantage of the invention is that there are several possibilities of 
improving the biological safety over prior art processes. In embodiments wherein more than 
one precursor vector is employed, the process is only functional when all precursors get into 
the plant cell. Alternatively, the processing in the cell to generate said at least one or said at 
least two replicons may be dependent on an additional component e.g. an enzyme which 
catalyses said processing. Then the system is only functional if the additional component is 
delivered into the cell or if a transgenic cell expressing said component is used. In one 
embodiment, the replicon which expresses a sequence of interest can spread throughout the 
plant from the primary infected cell, but spreading to other plants is not possible. 

Examples for nucleic acid sequences of interest include coding sequences or parts 
thereof, or any genetic element. Herein, a genetic element is any DNA or RNA element that 
has a distinct genetic function other than coding for a structural part of a gene. Examples 
include: transcriptional enhancer, promoters, translational enhancers, recombination sites, 
transcriptional termination sequences, internal ribosome entry sites (IRESes), restriction sites. 
A preferred genetic element is a tobamoviral IRES mp 75 used as translational enhancer 
operably linked to a heterologous nucleic acid sequence encoding a protein of interst. 

In a preferred embodiment of the invention, said plant cell is endowed with at least one 
(type of) replicon. Said one replicon is preferably formed by site-specific recombination 
between at least two precursor vectors. Said site-specific recombination preferably takes place 
on DNA level. Said one replicon may therefore be DNA. Alternatively, said one replicon may be 
RNA formed by transcription following said site-specific recombination. In this embodiment, 
said precursor vectors are preferably not capable of autonomous replication in said plant cell. 
This embodiment is particularly preferred from the point of view of biological safety. 

In another preferred embodiment of the invention, a plant cell is provided with the 



WO 02/088369 



PCT/EP02/03476 



10 

cDNA of a precursor vector (Figs. 2 and 4). After transcription which produces the precursor 
vector, processing in the cell by splicing endows the cell with an RNA virus-based replicon 
from which a sequence of interest can be amplified or expressed. Since splicing is slow and/or 
does not happen in all the precursor vector molecules in the cell, unspliced precursor 
molecules will remain in the cell. For the purpose of this invention, these remaining unspliced 
precursor vectors are replicons as well provided they are capable of autonomous replication. 
In this invention, they are used for the expression of (a) function(s) necessary for amplification 
or expression of said sequence of interest, e.g. a function for spreading of the replicon(s) to 
neighbor cells. 

In another preferred embodiment, a set of replicons of the type AB 1t AB 2l ... , AB n or of 
the type B^, BjA, ... , B n A are generated in a cell by site-specific recombination of a primary 
precursor vector (A) with a set of at least two secondary precursor vectors (B 1f B 2 , ... , B n ), 
wherein n is an integer of ;>2, In the embodiment shown in Fig. 8, precursor vectors (secondary 
vectors) containing a sequence to be expressed or amplified are recombined with another 
precursor vector (primary precursor vector) to form replicons of the type AB 1? AB 2 and AB 3 , 
from which these sequences can be amplified or expressed. At least three precursor vectors 
are needed to endow the cell with at least two replicons. Preferably, functions for spreading the 
replicons are expressed from one or more of said replicons. 

For performing the processes of the invention, precursor vectors may directly be used 
for transforming or transfecting a plant or plant cell. This is particularly true for DNA virus- 
based replicons. For RNA virus-based replicons, DNA vectors used for transformation or 
transfection require transcription for producing the precursor vectors inside the cell. 

The processes of the invention may be used for generating high amounts of one or 
more nucleic acid sequences in a plant, plant tissue, plant cell or cell culture in an 
environmentally safe way. Notably, said processes may be used for generating high amounts 
of said at least one or said at least two replicons. Said replicon(s) may be purified or enriched 
from the plant material. Said replicon(s) may be vectors or viral material that may be used, 
optionally after enrichment or purification, for transforming or transfecting a further plant, plant 
tissue, plant cells or cell culture. In this embodiment, the processes of the invention may be 
biologically safe processes of producing infectious viral material or vectors for transforming or 
transfecting plants on a large scale like on an agricultural or farming scale. Said infectious viral 
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material or said vectors may be packaged or coated viral material. The protein material 
necessary for packaging said viral material may be expressed from said replicon(s). 

The processes of the invention may be used for the production of a biochemical 
product. Said biochemical product is preferably a protein, more preferably a pharmaceutical 
protein. Said pharmaceutical protein may be a functional antibody. 

The processes of the invention may further be used for gene function determination, 
notably for rapid gene function determination or for functional genomics analysis. 

The processes of the invention may further be used for for artificial or directed 
evolution, notably for artificial or directed gene evolution or for artificial or directed evolution of 
genetic elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the general principle of generating replicons from precursor vectors in 

planta. 

Figure 2 depicts the structure of a PVX-based precursor vector, its generation by 
transcription to give the complete form of the transcript and its splicing. Expression can occur 
from the transcript (precursor vector and replicon) and the spliced transcript (replicon). 

Figure 3 depicts basic constructs and cloning strategy used for cloning of the cDNA of 
a PVX-based precursor vector. 

Figure 4 depicts the general scheme of expression of two genes (CP and GFP) using 
a CrTMV-based spliceable precursor vector (provector). 

Figure 5 depicts the cloning strategy of intermediate construct plC3342. 

Figure 6 depicts the cloning strategy of intermediate constructs plC3378 and plC3382. 

Figure 7 depicts the final stages of cloning plasmid plC3393. 

Figure 8 depicts the general scheme of expression of several genes via CrTMV-based 
precursor vectors (a-c and vector shown at the top) and generation of replicons (A-C) by site- 
specific recombination at LoxP-sites catalyzed by the enzyme Cre recombinase. 

Figure 9 depicts the cloning scheme of construct plC3461 - a primary component of a 
recombination system. 

Figure 10 depicts the cloning scheme of construct pIC3441 - one of the secondary 
components of a recombination system 
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Figure 1 1 depicts the cloning scheme of construct plC3491 - one of the secondary 
components of a recombination system. 

Figure 12 depicts the cloning scheme of construct plC3521 - one of the secondary 
components of a recombination system. 

Figure 13 depicts the principal scheme of transgene expression via a noncontagious 
viral vector. 

Figure 14 depicts the structure of plasmid plC1593 used to introduce a Cre 
recombinase gene into the genome of N. benthamiana. 

Figure 1 5 depicts the general scheme of expression of several genes via CrTMV-based 
precursor vectors (a-c and vector shown at the top) and generation of replicons (A-C) by using 
the integrase/att-system for site-specific recombination. The precursor vectors are cloned into 
binary vectors with T-DNA-borders (LB and RB). 

Figure 16 depicts the cloning scheme of construct plCH4851~ one of the secondary 
components of the recombination system. 

Figure 17 depicts the cloning scheme of construct plCH5151- one of the secondary 
components of the recombination system. 

Figure 18 depicts the cloning scheme of construct pICH5161- one of the secondary 
components of the recombination system. 

Figure 19 depicts the cloning scheme of construct plCH5951- one of the secondary 
components of the recombination system. 

Figure 20 depicts the cloning scheme of the constructs plCH6871 and p(CH6891- two 
of the secondary components of the recombination system. 

Figure 21 depicts the cloning scheme of construct plCH4371- one of the secondary 
components of the recombination system. 

Figure 22 depicts the cloning scheme of plasmid plCH4461- one of the secondary 
components of the recombination system. 

Figure 23 depicts plasmid plCP1 010 which was used as an integrase-source in the att- 
provector-system. 
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DETAILED DESCRIPTION OF THE INVENTION 

In the present invention an approach for amplification and/or expression of one or more 
nucleic acid sequences of interest is described which has all the potentials of viral vector 
systems, yet lacks their disadvantages such as limited capacity. Further, it offers better 
biosafety characteristics. Viruses belonging to different taxonomic groups can be used for the 
construction of virus-based vectors according to the principles of the present invention. This is 
true for both RNA- and DNA-containing viruses, examples for which are given in the following 
(throughout this document, each type species' name is preceded by the name of the order, 
family and genus it belongs to. Names of orders, families and genera are in italic script, if they 
are approved by the ICTV. Taxa names in quotes (and not in italic script) indicate that this 
taxon does not have an ICTV international approved name. Species (vernacular) names are 
given in regular script. Viruses with no formal assignment to genus or family are indicated): 

DNA Viruses: 

Circular dsDNA Viruses: Family: Caulimoviridae, Genus: Badnavirus, Type species: 
commelina yellow mottle virus, Genus: Caulimovirus, Type species: cauliflower mosaic virus, 
Genus "SbCMV-like viruses", Type species: Soybean chloroticmottie virus, Genus "CsVMV- 
(ike viruses", Type species: Cassava vein mosaicvirus, Genus "RTBV-like viruses", Type 
species: Rice tungro bacilliformvirus, Genus: "Petunia vein clearing-like viruses", Type 
species: Petunia vein clearing virus; 

Circular ssDNA Viruses: Family: Geminiviridae, Genus: Mastrevirus (Subgroup I 
Geminivirus), Type species: maize streak virus, Genus: Curtovirus (Subgroup II 
Geminivirus), Type species: beet curly top virus, Genus: Begomovirus (Subgroup III 
Geminivirus), Type species: bean golden mosaic virus; 

RNA Viruses: 

ssRNA Viruses: Family: Bromoviridae, Genus: Alfamovirus, Type species: alfalfa mosaic 
virus, Genus: llarvims, Type species: tobacco streak virus, Genus: Bromovirus, Type 
species: brome mosaicvirus, Genus: Cucumovirus, Type species: cucumber mosaic virus; 

Family: Closterovjridae, Genus: Closterovirus, Type species: beet yellows virus, Genus: 
Crinivirus, Type species: Lettuce infectious yellows virus, Family: Comoviridae, Genus: 
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Comovirus, Type species: cowpea mosaic virus, Genus: Fabavirus, Type species: broad 
bean wilt virus 1 , Genus: Nepovirus, Type species: tobacco ringspot virus; 

Family: Potyviridae, Genus: Potyvirus, Type species: potato virus Y, Genus: Rymovirus, 
Type species: ryegrass mosaic virus, Genus: Bymovirus, Type species: barley yellow 
mosaic virus; 

Family: Sequiviridae, Genus: Sequivirus, Type species: parsnip yellow fleck virus, Genus: 
Waikavirus, Type species: rice tungro spherical virus; Family: Tombusviridae, Genus: 
Carmovirus, Type species: carnation mottle virus, Genus: Dianthovirus, Type species: 
carnation ringspot virus, Genus: Machlomovirus, Type species: maize chlorotic mottle virus, 
Genus: Necrovirus, Type species: tobacco necrosis virus, Genus: Tombusvirus, Type 
species: tomato bushy stunt virus, Unassigned Genera of ssRNA viruses, Genus: 
Capillovirus, Type species: apple stem grooving virus; 

Genus: Carlavirus, Type species: carnation latent virus; Genus: Enamovirus, Type species: 
pea enation mosaic virus, 

Genus: Furovirus, Type species: soil-borne wheat mosaic virus, Genus: Hordeivirus, Type 
species: barley stripe mosaic virus, Genus: Idaeovirus, Type species: raspberry bushy 
dwarf virus; 

Genus: Luteovirus, Type species: barley yellow dwarf virus; Genus: Marafivirus 9 Type 
species: maize rayado fino virus; Genus: Potexvirus, Type species: potato virus X;Genus: 
Sobemovirus, Type species: Southern bean mosaic virus, Genus: Tenuivirus, Type 
species: rice stripe virus, 

Genus: Tobamovirus, Type species: tobacco mosaic virus, 
Genus: Tobravirus, Type species: tobacco rattle virus, 

Genus: Trichovirus, Type species: apple chlorotic leaf spot virus; Genus: Tymovirus, Type 
species: turnip yellow mosaic virus; Genus: Umbravirus, Type species: carrot mottle virus; 
Negative ssRNA Viruses: Order: Mononegavirales, Family: Rhabdoviridae, Genus: 
Cytorhabdovirus, Type Species: lettuce necrotic yellows virus, Genus: Nucleorhabdovirus, 
Type species: potato yellow dwarf virus; 

Negative ssRNA Viruses: Family: Bunyaviridae, Genus: Tospovirus, Type species: 
tomato spotted wilt virus; 

dsRNA Viruses: Family: Partitiviridae, Genus: Alphacryptovirus, Type species: white clover 
cryptic virus 1, Genus: Betacryptovirus, Type species: white clover cryptic virus 2, Family: 
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Reoviridae, Genus: Fijivirus, Type species: Fiji disease virus, Genus: Phytoreovirus, Type 
species: wound tumor virus, Genus: Oryzavirusjype species: rice ragged stunt virus; 
Unassigned Viruses: Genome ssDNA: Species: banana bunchy top virus, Species : 
coconut foliar decay virus, Species: subterranean clover stunt virus, 
Genome: dsDNA, Species : cucumber vein yellowing virus; Genome: dsRNA, Species: 
tobacco stunt virus, 

Genome: ssRNA, Species Garlic viruses A, B,C,D, Species grapevine fleck virus, Species 
maize white line mosaic virus, Species olive latent virus 2, Species: ourmia melon virus, 
Species Pelargonium zonate spot virus; 

Satellites andViroids: Satellites: ssRNA Satellite Viruses: Subgroup 2 Satellite Viruses, Type 
species: tobacco necrosis satellite, 

Satellite RNA, Subgroup 2 B Type mRNA Satellites, Subgroup 3C Type linear RNA 
Satellites, Subgroup 4 D Type circular RNA Satellites, 
Viroids, Type species: potato spindle tuber viroid. 

Mostly, vectors of plant viral origin are used. as plasmids capable of autonomous 
replication in plants (replicons). However the principles necessary for engineering such 
plasmids using non-viral elements are known. For example, many putative origins of replication 
from plant cells have been described (Berlani et aL, 1988, Plant MoL S/o/., IjL 161-162; 
Hernandes et a/., 1988, Plant MoL Biol., 10, 413-422; Berlani et a/., 1988, Plant Mol. Biol. t JM, 
173-182; Eckdahl et al., 1989, Plant MoL BioL, 12, 507-516). It has been shown that the 
autonomously replicating sequences (ARS elements) from genomes of higher plants have 
structural and sequence features in common with ARS elements from yeast and higher 
animals (Eckdahl etal., 1989, Plant MoL BioL, 12^507-516). Plant ARS elements are capable 
of conferring autonomous replicating ability to plasmids in Saccharomyces cerevisiae. Studies 
of maize nuclear DNA sequences capable of promoting autonomous replication of plasmids in 
yeast showed that they represent two families of highly repeated sequences within the maize 
genome. Those sequences have a characteristic genomic hybridization pattern. Typically there 
was only one copy of an ARS-homoIogous sequence on each 12-15 kb of genomic fragment 
(Berlani et a/.,1988, Plant MoL BioL, 1 1:161-162). Another source of replicons of plant origin 
are plant ribosomal DNA spacer elements that can stimulate the amplification and expression 
of heterologous genes in plants (Borisjuk et al., 2000, Nature Biotech., 18, 1303-1306). 
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Therefore, a replicon or precursor vector contemplated in this invention is not 
necessarily derived from a plant virus. Plant DNA viruses provide an easy way of engineering 
replicons (vectors) that could be especially useful for targeted DNA transformation, but vectors 
made entirely or partially of elements from plant RNA viruses or even non-plant viruses are 
possible. Plant virus-based replicons are evidently advantageous. Such replicons, in addition 
to replication, may provide additional useful functions e.g. for cell to cell and long distance 
movement. Further, they can frequently be removed more easily from the plant cell aposteriori 
by using known methods of virus eradication from infected plants. 

The general principle of the invention is shown in Figure 1. In the simplest example, 
one type of precursor vector (pro-vector) (A) is delivered into the plant cell where, upon its 
processing in said cell, it yields at least one or at least two structurally related and functionally 
distinct replicons (F and G) which are able to provide amplification and/or expression of the 
sequences of interest. More than one precursor vector can be introduced into the plant cell 
[A(+C,D,E...)L Optionally, said plant cell can be transgenic and contain another additional 
component (B) required for the processing of the precursor vector and/or expression, 
replication, cell-to-cell or systemic movement. 

In one embodiment of the invention, we describe a pro-vector (precursor vector) 
system that is based on the splicing of the pro-vector RNA in the plant nucleus. This system 
comprises a DNA molecule of the pro-vector containing parts of plant virus genome cDNA, 
gene(s) of interest and splicing-sites functional in the plant cell (see for example Figures 2 or 
4). After transcription in the transfected plant cell, the primary RNA product (pro-vector or 
precursor vector) can be processed by splicing. Due to the design of the pro-vector (precursor 
vector), the gene of interest (e.g. GFP) substitutes one of the viral genes (e.g. CP) in this 
spliced form. This allows the gene of interest (GFP) to be expressed via the normal viral 
pathway instead of substituted viral protein. However, since splicing cannot proceed with 100% 
efficiency, a fraction of the primary transcript remains unspliced and is exported from the 
nucleus as is the spliced form. As a result, two types of self-replicating viral vector RNAs 
(replicons) appear in the cytoplasm of the transfected plant cell. This leads to the expression 
of both GFP and CP from replicons generated using one precursor vector. It must be 
mentioned that, in the exemplified case, the level of GFP expression is likely much higher than 
that of CP. It was shown for tobamoviruses that the amount of viral protein produced during 
infection depends qn the distance between gene encoding the protein and 3'-terminus of the 
virus. Since GFP is expressed from the spliced form of RNA, the corresponding subgenomic 
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RNA is significantly shorter than the RNA from which CP is expressed (Figure 4; sGFP stands 
for a synthetic or engineered GFP). 

As an exemplification of this embodiment we constructed two pro-vectors (precursor 
vectors) based on two well-known plant viruses: potato virus X (PVX) and crucifer infecting 
tobamovirus (CrTMV). In both cases, the CP gene of the viruses was flanked with donor 
(upstream) and acceptor (downstream) splicing sites (SA and SD, respectively). GFP was 
cloned downstream of the acceptor site to be expressed only in the spliced transcript. The 
physiological roles of CP in PVX and CrTMV are different. In the case of PVX, CP is required 
for cell-to-cell movement of the virus. In CrTMV, CP participates mainly in long-distance 
spread of the virus (systemic infection) and is not crucial for infection of neighbor cells. These 
examples provide two different patterns of reporter gene (GFP) expression. In the case of the 
PVX-based system, viral spread is stalled in primary transfected cells until the required amount 
of CP is expressed from a less efficient replicon that was formed from unspliced RNA. This 
leads to super-production of much more rapidly synthesized GFP in the same cell. Finally, the 
necessary amount of CP accumulates and both replicons penetrate neighbor cells where the 
process repeats. On the contrary, in the case of the CrTMV-based pro-vector, viral spread is 
not limited to cell-to-cell movement. Both forms of the vector act independently, which leads to 
faster growth of the infected area. 

Although specific examples describing RNA modification as a mechanism for 
generating replicons according to the invention are based on RNA splicing, other RNA 
modification mechanisms may be used for the process of this invention as well. These 
include inter alia modifications as RNA ligation or RNA recombination. Ligation of different 
RNA molecules by enzymes such as RNA ligase allows to produce a plurality of different 
RNA replicons within a cell based on the internal enzymatic activity of plant cells or based 
on the expression of well known ligases such as T4 RNA ligase ( Nishigaki ef a/., 1998, Mol. 
Divers., 4, 187-190) or mitochondrial RNA ligase from Leishmania (Blanc ef a/., 1999, J. 
Biol. Chem., 274, 24289-24296). RNA-RNA recombination is a well researched 
phenomenon. It readily occurs in a plant host between viral RNA molecules with a certain 
degree of homology (Allison etal., 1990, Proc. Natl. Acad. ScL 87, 1820-1824; Rao et a/., 
1990, J. Gen. Virol., 71 1403-1407; US 5,877,401). 

In another embodiment, the precursor vectors are processed by site-specific DNA 
recombination producing a replicon or partially different replicons or assembling one viral 
replicon in vivo. In this case, molecular rearrangements proceed on the DNA level. Several 



WO 02/088369 



PC17EP02/03476 



18 

molecules (pro-vectors) are shuffled by means of recombination to produce one or several 
vector molecules (replicons). The first DNA-component of the system may contain a plant 
promoter (Arabidopsis Actin 2) fused to the main part of CrTMV genome - the polymerase 
gene plus the MP gene followed by a specific recombination site. Secondary components 
are plasmid DNAs comprising the same recombination site followed by a gene(s) of interest 
(any reporter gene) or viral CP gene. The 3'-UTR of CrTMV should be cloned downstream 
of the gene of interest The last component of the system may be Cre-recombinase or 
integrase expressing DNA. These enzymes promote reorganization of pro-vector 
components into active vector molecules (replicons). It must be stressed that none of the 
pro-vector components is infectious alone, which is important in terms of the biological 
safety of the system. 

After providing a plant cell with all the components of the described multi-component 
system, recombination occurs and one or several replicons can be formed (see Figures 8 
A,B,C). These rearranged DNA molecules can be transcribed (since they carry Arabidopsis 
Actin 2 promoter) in the nucleus and exported to the cytoplasm. Finally, like in the case 
involving RNA splicing, several replicating vector RNAs appear in the cytoplasm of the 
transfected cell. In this embodiment, we describe the system where all of these vectors contain 
a functional MP gene and a gene positioned downstream. This allows each vector RNA to 
express both a functional MP gene and a gene positioned downstream and to penetrate into 
neighbor cells, One has to state that other combinations are also possible and are 
contemplated as being within the scope of this invention. 

Two different approaches of recombinase delivery are exemplified in the invention. The 
recombinase may be delivered into the cell in a process of co-bombardment or by 
Agrobacterium-medlated transient expression together with other DNA-components of the 
system. As another approach, a transgenic plant expressing cre-recombinase has been 
obtained. This reduces the number of components the cell has to be provided with and as a 
result raises the overall efficiency of the system. Additionally, this further improves the safety 
of the process as it cannot occur outside of a plant that was genetically manipulated to support 
the process. 

During the cloning of pro-vector components, a LoxP recombination site was cloned 
upstream of the gene(s) of interest. A LoxP site contains two small inverted repeats spaced by 
several nucleotides and it forms stem-and-loop structure in RNA. The stem contains only 4 GC 
pairs so itjs not very stable. However, this stem can reduce the efficiency of translation of a 
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downstream gene. To solve this problem, any translational enhancer can be cloned between 
LoxP and the gene of interest. In the examples with Cre recombinase we used an omega 
leader of TMV Ul However any other translation-enhancing sequence can be used (e.g. 
IRES mp 75 from CrTMV or TMV U1) as well as plant IRESes. IRES mp 75 elements may 
preferably be used as translational enhancers as in the examples with integrase of phage 
PhiC31 . In this case, in a set of provectors the LoxP recombination sites were replaced by att- 
sites (attachment-sites) from the Streptomyces phage PhiC31 (Thorpe & Smith, 1998, Proc. 
Natl. Acad. ScL, 95, 5505-5510; Groth et a/., 2000, Proc. Natl. Acad. ScL, 97, 5995-6000) 
which are the target sequences for the recombination enzyme integrase. Two different att- 
sites were cloned into the provectors: Whereas attP was inserted in the vectors of the type 
polymerase-MP-LoxP, an attB-recombination site was cloned into the provectors, which carry 
the gene of interest followed by a 3'NTR sequence and a nos-terminator. Similar to the Cre 
system, the att-recombination-sites limit the efficiency of translation of a gene, which is located 
downstream. Hence, also in this system translational enhancer sequences were cloned 
between the attB-sites and the genes of interest. It was shown that IRES mp76 sequences have 
comparable or even better effect as translational enhancers in comparison with the omega 
leader of TMV U1. 

Suitable recombinases/recombination site systems include inter alia the Cre-Lox 
system from bacteriophage P1 (Austin etal., 1981, Cell, 25, 729-736), the Hp-Frt system from 
Saccharomyces cerevisiae (Broach et a/. f 1982, Cell, 29, 227-234), the R-Rs system from 
Zygosaccharomyces rouxii (Araki etal., 1985, J. Mol. Biol., 182, 191-203), the integrase from 
the Streptomyces phage PhiC31 (Thorpe & Smith, 1998, Proc. Natl. Acad. ScL, 95, 5505- 
5510; Groth etal., 2000, Proc. Natl. Acad. ScL, 97, 5995-6000), and resolvases. In addition, 
other methods of DNA rearrangement are contemplated to be within the scope of the present 
invention. Other DNA modification enzyme systems can all be used to generate related but 
functionally distinct replicons inside of a wild-type or a genetically engineered plant cell: 
restriction endonuclease, transposase, general or specific recombinase, etc. 

Different methods may be used for providing a plant cell with precursor vectors. DNA 
may be transformed into plant cells by a Ti-plasmid vector carried by Agrobacterium (US 
5,591,616; US 4,940,838; US 5,464,763) or particle or microprojectile bombardment (US 
05100792; EP 00444882B1; EP 00434616B1). Other plant transformation methods can also 
be used like microinjection (WO 09209696; WO 09400583A1; EP 175966B1), electroporation 
(EP00564595B1; EP00290395B1; WO 08706614A1) or PEG-mediated transformation of 
protoplasts etc. The choice of the transformation method depends on the plant species to be 
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transformed. For example, microprojectile bombardment is generally preferred for monocot 
transformation, while for dicots, /4grobacfer/i/m-mediated transformation gives better results 
in general. Agrobacterium-medlated delivery of precursor vectors is preferred. 

Construction of plant viral vectors for the expression of non-viral genes in plants has 
been described in several papers (Dawson etal., 1989, Virology, 172, 285-293; Brisson et al, 
1986, Methods in Enzymology, 118, 659; MacFarlane & Popovich, 2000, Virology, 267 . 29-35; 
Gopinath etal., 2000, Virology, 267, 159-173; Voinnet etal., 1999, Proc. Natl. Acad. Sci. USA, 
96. 14147-14152) and can be easily performed by those skilled in the art. 

The current invention has a number of advantages compared to existing viral vector- 
based strategies to express foreign genes in plants. 

Most importantly, the process can be used for the expression of more than one nucleic 
acid sequence of interest and can thus be used for the expression of multiple genes of a 
biochemical pathway or cascade. In this regard, the process of the invention is the only 
available method that can be effectively used for the expression of genes for the purpose of 
gene function determination or for the purpose of biochemical production. 

The invention also opens up a wide range of opportunities for any kind of biological 
cascade construction. One example is presented in Fig. 13. This system utilizes recombination 
of 3 precursor vector components into 2 replicons. First, replicon A expresses MP and a gene 
of interest (GFP in the example). Due to the expression of the movement protein (MP), this 
vector is able to move from cell-to-cell in the inoculated leaf, However it cannot spread 
systemically in the infected plant and cannot be transmitted to other plants due to the absence 
of the coat protein (CP). In other words, this replicon is infectious only if it is artificially 
delivered into a plant cell. The second replicon B expresses only CP. Note that it is not able to 
form viral particles since its RNA lacks the origin of virus assembly (positioned inside the MP 
gene). However it does express CP in significant amounts. 

The proposed process is inherently more safe as it is operable only in the presence of 
all the precursor vectors. If both of the replicons described above are present in the same cell, 
they complement each other and both components are able to move to neighbor cells. 
However only vector A can be coated with CP to form viral particles and therefore only this 
component will be exported from the infected leaf into the whole plant. If such viral particles 
penetrate uninfected leaves, they deliver only the infectious component A, but not B. This 
leads to the systemic spread of infection in the whole plant but the virus cannot infect other 
plants because viral particles can be formed only in primary inoculated leaves and these 
particles contain only one replicon component, which" is not enough for systemic infection of 
another plant. This system represents a unique example of highly efficient expression of a 
transgene in the whole plant via a noncontagious viral vector. 
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Additionally, the process of assembly of one viral replicon from at least two replicon 
precursors through site-specific DNA recombination guaranties a higher level of safety in 
comparison with convenient viral vector being used for infecting plant cells. Said process of 
viral replicon assembly from at least two components requires the presence of said two 
components and a site-specific recombinase to be present in the same plant cell. Said 
recombinase can be delivered in cis together with one of said components. Preferably, the 
recombinase can be delivered separately. More preferably, the host plant can be engineered 
to expresses said recombinase. In the latter case, assembly of functional vector from provector 
elements will be restricted specifically to engineered host plant. 

The described technology allows for higher efficiency of gene expression compared to 
conventional systems. This is achieved by reducing the size of the replicon or the replicons 
that express the gene. In our system, the size is significantly reduced compared to other viral 
vectors since the precursor vector can afford to express some viral gene(s) required for the 
function of the system from additional components or vectors (replicons) in trans. As 
mentioned above, the size of viral RNA does dramatically affect the level of transgene(s) 
expression. 

Another technical advantage of the system is that its users do not have to clone 
anything into full-length cDNA copy of the virus. This difficult and time-consuming process is 
avoided because one can use a pre-made construct (similar to plC3461, Fig. 9) containing a 
promoter, a viral replicase gene and (optionally) a movement protein gene. This construct 
requires no further modification for any application. The only cloning a user has to perform is 
to fuse a gene of interest with some small additional sequences (recombination site, 3-UTR of 
the virus and transcription terminator signal, wherein the total size is less than 1 kb) in any kind 
of high-copy plasmid. This advantage is especially important in case of genes which products 
are toxic for bacteria and require special handling during cloning, as well as for high throughput 
processes. 
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EXAMPLES 
EXAMPLE 1 

Construction of Spliceable PVX-based provector. 

Two 35-PVX based provectors have been constructed. Plasmid PVX-201 was used as 
a basic construct for cloning (Chapman S et a/, 1992, Plant J 1992 Jul;2(4):549-57). This 
plasmid contains the full-length cDNA of the potato virus X (PVX) genome (Gene Bank 
Accession Numbers NC 001455; AF1 72259) fused to the 35S promoter and the nos 
terminator. The CP subgenomic promoter region is duplicated and a few cloning sites are 
inserted between the duplicated regions in PVX-201 (see Fig. 3). 

At the first step an intermediate construct plC251 8 was obtained. This plasmid contains 
consequently: the C-terminus of CP (62 bp) from the Xhol site to the terminator with a Hindlll 
site introduced right after the termination codon, enhanced GFP (sGFP) gene (starting codon 
included into Ncol site) and the 3-terminus of PVX virus including the C-terminus of CP (62nt) f 
3-UTR and s poly (A) sequence followed by a Sad site (Fig. 3). 

Two sets of oligonucleotides were synthesized to clone 2 different pairs of 
donor/acceptor splicing sites: 

D1+ AACGGTCGGTAACGGTCGGTAAA 

D1- TCGACTTTACCGACCGTTACCGACCGTT 

A1+ AGCTAACCTAGCAGGTTATATGCAGGTTATATGCAGGTC 

A1- TTGGATCGTCCAATATACGTCCAATATACGTCCAGGTAC 

2. D2+ CGAAAGGTAAG 
D2- TCGACTTACCTTT 
. A2+ AGCTAACCTATTGCAGGTTGC 
A2- .CATGGCAACCTGCAATAGGTT 

After annealing to each other, corresponding oligonucleotides form the following double 
stranded DNA fragments: 

D1+/D1- fragment D1 

5' CGAACGGTCGGTAACGGTCGGTAAAG 3' 

3' TTGCCAGCCATTGCCAGCCATTTCAGCT 5' 
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A1+/A1- fragment A1 

5'AGCTAACCTAGCAGGTTATATGCAGGTTATATGCAGGTC 3' 
3' TTGGATCGTCCAATATACGTCCAATATACGTCCAGGTAC 5* 

D2+/D2- fragment D2 
5' CGAAAGGTAAG 3' 
3' TTTCCATTCAGCT 5' 

A2+/A2- fragment A2 

5' AGCTAACCTATTGCAGGTTGC 3' 

3' TTGGATAACGTCCAACGGTAC 5' 

The 5'-protruding ends of the fragments are adhesive to Clal/Sall restricted DNA in case of D1 
and D2. Fragments A1 and A2 can be ligated into Hindlll-Ncol sites. 

Plasmid PVX-201 described above (Fig. 3) was digested with Clal and Sail. Then the 
D1 or D2 fragment was ligated into the digested vector, yielding construct plC3033 (in case of 
D1) of plC3053 (in case of D2). 

Plasmid plC2518 (Fig. 3) was digested Hindlll and Ncol. Ligation of fragment A1 orA2 
produced construct plC3041 (A1) or plC3068 (A2), respectively. 

Two variants of a spliceable PVX provector plasmid were obtained by cloning of the 
Xhol-Sacl fragment from plC3041 into plC3033 and of the Xhol-Sacl fragment from plC3068 
into plC3053. The resulting plasmids were named plC3242 (splice sites D1+A1) and plC3258 
(splice sites D2+A2) (Figure 2) 

EXAMPLE 2 

Microproiectile bombardment 

Microprojectile bombardment was performed with the Biolistic PDS-1000/He Particle 
Delivery System (Bio-Rad). Separate N. benthamiana leaves were bombarded at 900 psi with 
15 mm distance from a macrocarrier launch point to the stopping screen and 60 mm distance 
from the stopping screen to a target tissue. The distance between the rupture disk and a 
launch point of the macrocarrier was 12 mm. The cells were bombarded after 4 hours of 
osmotic pretreatment. 

The DNA-gold coating procedure (PEG/Mg) was performed as follows: 25 pi of gold 
suspension (60 mg/ml in 50% glycerol) was mixed with 10 pi of plasmid DNA (up to 1 pg/pl) in 
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an Eppendorf tube and supplemented subsequently by 10 pi of 40% PEG in 1.0 M MgCI 2 . The 
mixture was vortexed for 2 min and than incubated for 30 min at room temperature without 
mixing. After centrifugation (2000 rpm, 1 min), the pellet was washed twice with 1 ml of 70% 
ethanol, once by 1 ml of 99.5% ethanol and finally it was dispersed in 30 pi of 99.5% ethanol. 
Aliquots (6 pi) of DNA-gold suspension in ethanol were loaded onto macrocarrier disks and 
allowed to dry up for 5-1 0 min. 

Plasmid DNA preparation 

Plasmids were transformed into E.coli strains DH10B and JM109, maxi preps were 
grown in LB medium and DNA was purified using the Qiagen kit. 

EXAMPLE 3 

Mechanical inoculation of plants with provector plasmid DNA 

Fully developed leaves of five to seven weeks old Nicotians benthamiana plants were 
inoculated with plasmid DNA by mechanical wounding. For this purpose, 10 -50 pg of DNA 
was mixed with 3x GKP-buffer (50 mM glycine, 30 mM K 2 HP0 4> 3% celite, 3% benthonite) and 
scratched gently on the upper side of the leaves. 

EXAMPLE 4 

Expression of a reporter gene in plant leaves by converted (spliced^ PVX-based provector 

Fully developed N. benthamiana leaves were bombarded with plasmids plC3242 and 
plC3258. It was expected that two different RNA transcripts can be synthesized in plant cell 
from each of these plasmids - complete form and spliced form (see Fig. 2). 

The presence of the second transcript can be detected by the GFP fluorescence in a 
cell transfected with the provector. 

Strong GFP fluorescence has been observed in numerous leave cells bombarded with 
plC3242 (48 hours after bombardment). No GFP expression was detected in the case of 
plC3258 - so this construct may serve as a negative control in this experiment. This difference 
occurred due to the different donor/acceptor sites used in the constructs (see example 1). In 
the case of p!C3258, a 9-nt sequences that represents splice-site consensus of Arabidopsis 
thaliana was used. In the case of plC3242, donor and acceptor sites were designed as 
described in Nussaume et ai Mol.gen.genet, 1995, 249:91-101 where they were tested and 
proved to be active in plants. 
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According to several investigations (Fedorkin et a/. t J Gen Virol 2001 ; 82(Pt 2):449-58, 
Cruz ef a/., Plant Cell 1998; 10(4):495-510), the CP of PVX is required for viral cell-to-cell 
transport. In case of the construct plC3242, the CP gene must be spliced out of RNA. This 
means that the spliced form of the transcript (Fig, 3) cannot express the CP and provide cell- 
to-cell movement of the virus. However, in several experiments with plC3242 not only single 
cells but also multi-cell loci (1 0-1 000 cells) expressing GFP where detected. This indicates that 
the splicing of the provector transcript does not occur with 1 00% efficiency. A fraction of the full 
length RNA remains unspliced and therefore CP can be expressed from this form of the 
transcript, while the GFP gene remains silent in this RNA (since no GFP expression was 
detected in case of plC3258). 

EXAMPLE 5 

Generating transgenic N. benthamiana plants expressing Cre recombinase. 

The actin2 promoter-LoxP-Cre Orf-Nos terminator fragment from plC1321 was 
subcloned as a Not1 biunt-SacI fragment into the Smal and Sad sites of the binary vector 
pBIN19, resulting in construct plC1593 (Figure 14). 

The plasmid plC1593 was introduced in Agrobacterium strain Agl1 by electroporation 
and transformed agrobacteria were used to transform A/, benthamiana. DNA extracted from 10 
transformants was used to test for the presence of the transgene by PCR. All plants were 
found positive when PCR was performed with primers for the kanamycin transformation 
marker or for the Cre gene. 

EXAMPLE 6 

Generation of functional vectors from provectors using site-specific recombination 
a) General description of the system 

The system.described consists of two core types of CrTMV based vectors which carry LoxP- 
recombination sites (Fig. 8): 

i) Vector type: Polymerase-MP-LoxP: The vector encodes the RdRP of CrTMV and the 
movement protein (MP), which allows the virus to move from cell to cell, but not to move 
systemically. The viral transcription is controlled by an Arabidopsis-Actin 2 promoter. 

ii) Vector type: LoxP-gene of interest-3'NTR-nos-terminator (see Fig. 8 a-c): This class of 
vectors encode a reporter gene (sGFP or GUS) and regulatory elements (nos: nopalin- 
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synthase terminator; 3* NTR: nontranslated region, pseudoknots and tRNA-like structure of 
CrTMV). The expression of the coat protein (CP; see Fig. 8 b) allows the vector to spread 
systemically in the host ptant 

iii) Vector type: Polymerase-MP-attP: See i), with attP-recombination site 

iiii)Vector type: attB-gene of interest-3'NTR-nos-terminator (see Fig. 1 5 a-c): See ii), with attB- 
recombination site 

After recombination catalyzed by Cre-recombinase or integase (via coinfection of a Cre 
or integrase encoding viral construct) functional units (replions) are formed which are able to 
express a reporter gene efficiently and are capable of moving from cell-to-cell (Fig. 8 A-C, 15 
A-C) or systemically (Fig. 8 B). 

b) Plasmid construction 

A. Cloning of vector type Polvmerase-MP-LoxP (Fig. 9) ' 

An EcoRI-Xhol-fragment of MP was taken from plasmid plC3312 (Fig. 5) and was cloned into 
plasmid plC1212 which carries two LoxP-sites in opposite orientations. The MP gene of 
plasmid plC3342 contains a terminator codon which was. introduced 25 AA before the natural 
stop. In the resulting product plC3431 f a fragment containing part of the MP gene is located 
next to a LoxP-site. Both elements are isolated via EcoRI-SacI restriction. After blunting the 
Sacl restriction site, the fragment was cloned into the vector-containing part of plasmid 
plC3301, which contains a single EcbRI restriction site in the MP gene. Notl (blunted) was 
chosen as a second restriction site. In the resulting ligation product (plC3461) the CP-gene, 
the IRES-sequence, the gene for sGFP and the 3' nontranslated region of plC3301 are 
replaced by LoxP (Fig. 9). 

B. Cloning of LoxP-reporteraene-3'NTR-nos-terminator vectors 
a) Construct LoxP-sGFP-3'NTR-nos (Fig. 8a) 

The Xhol-Ncol-fragment which carries a LoxP-site next to an Q-leader-sequence was taken 
from vector plC2744. In order to place the sequences adjacent to a reporter gene, the 
fragment was cloned into plasmid plC1721, which contains the appropriate restriction sites 
next to a gene for sGFP and a 3'NTR-sequence. Replacement of an IRES-sequence by the 
fragment let to the resulting plasmid plC3421. In order to add a nos-terminator-sequence, 
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plasmid plC3421 was cut by Kpnl and Notl. The fragment was introduced into the vector- 
containing part of plasmid pIC 3232 and the final construct plC3441 could be obtained (see 
Figures 10 and 8a). 

b) Construct LoxP-CP-sGFP-3'NTR-nos (Fig. 8 b) 

Described above plasmids plC3342 and plC1212 were used as starting vectors. The Pstl-Sacl 
fragment of plC3342 that contains the genes for CP and sGFP was cloned into plC1212. As a 
result, a LoxP-site is located next to CP and sGFP in the product plC3451 . In order to add a 
nos-terminator sequence, a similar approach as in case a) was used: An EcoRI-Notl-fragment 
of plC3451 was introduced into the vector-containing part of plC3232 resulting in plasmid 
plC3491 (see Fig. 11). 

c) Construct LoxP-CP-GUS-3'NTR-nos (Fig. 8 c) 

Plasmid pIC751 is analogous to plC1721 and carries a GUS reporter gene instead of sGFP. 
By cutting with Ncol and Notl the GUS-Gene and the 3*-untranslated region can be directly 
cloned into plC3441 hence obtaining the final construct plC3521 (Fig. 12). 

EXAMPLE 7 

Expression of a single reporter gene in plant leaves bv converted (recombined) CrTMV-based 
provector 

Separate N. benthamiana leaves were particle-bombarded with a mixture of three plasmids: 
plC3441 (LoxP-GFP, Fig. 10), plC3461 (Actin2 promoter-CrTMV RdRp-MP-LoxP, Fig. 9) and 
plC2721 (Cre-Recombinase under control of hbt promoter). GFP fluorescence was detected 
in several multi-cellular loci 38 hours after bombardment. A strong increase of fluorescence 
and of the size of the infected area were observed during the following days (bombarded 
leaves where incubated at 25°C on wet filter paper). No GFP fluorescence was detected in 
control leaves bombarded with plC3441 together with plC2721 without plC3461. 

EXAMPLE 8 

Expression of several genes in plant leaves bv converted (recombined) CrTMV-based 
provector 

Separate N. benthamiana leaves were particle-bombarded with a mixture of several 
plasmids: 

a) plC3441 (LoxP-GFP, Fig. 10), plC3461 (Actin2 promoter-CrTMV RdRp-MP-LoxP, Fig. 9) 
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and plC2721 (Cre-Recombinase under control of hbt promoter), plC3521 (LoxP-GUS, Fig. 
12). 

b) plC3441 (LoxP-GFP, Fig. 10), plC3461 (Actin2 promoter-CrTMV RdRp-MP-LoxP, Fig. 9) 
and plC2721 (Cre-Recombinase under control of hbt promoter), plC3491 (LoxP-CP, Fig. 
11). 

Both reporter genes GFP and GUS were strongly expressed in bombarded leaves in case 
a). Viral particle formation and systemic movement of the virus are take place in case b). 

EXAMPLE 9 

Construction of spliceable CrTMV-based provector 

Spliceable provector based on CrTMV virus has certain advantages comparing to PVX- 
based one. Described in Fig. 4 system allows one to create reporter gene expressing 
system with the virus, which is fully functional in the infected leaf. Contrary to PVX, coat 
protein of CrTMV is not required for viral cell-to- cell movement so splicing does no influence 
on the viral spread in the infected leaf. 

A. Cloning of intermediate construct PIC3312 

A PCR fragment was obtained using cloned cDNA of CrTMV and the following primers: 

MPERI+ (corresponds to middle-region of MP including EcoRI site - position 5455 in 
CrTMV genome): GTGGTTGACGAATTCGTC 

MP- (Complementary to C terminus of MP 17 aa upstream of the natural termination codon 
introducing artificial terminator with downstream Clal and Xhol sites. Also this primer 
contains point mutation of CP ATG into ACG which removes natural start of CP gene 
without amino acid change in the MP): GGTCTCGAGTTATCGATTATTCGGG- 
TTTGTAATGTTGTAAGACGTTTTCTTCTTTC 

Another PCR fragment was obtained using the same template and the following primers: 
CP+ (Corresponds to beginning of CP gene with Xhol and Pstl sites introduced upstream of 
ATG): TAACTCGAGACCTGCAGCATGTCTTACAACATTACAAACC-CGAATCAG 

CP- (Complementary to C terminus of CP introducing single nucleotide substitution to 
eliminate Ncol site in CP gene. Also this primer introduce Hindi 1 1 and Ncol restriction sites 
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downstream of CP gene): CTACTCCATGGTCAAGCTTAAGTAGC- 
AGCAGCAGTAGTCCACGGCACC 

First, the PCR fragment was digested with EcoRI and Xhol enzymes. Second, Xhol and 
Ncol digested fragments were ligated together into vector plC1721 (Fig. 5) by EcoRI and 
Ncol sites yielding plasmid plC3151 (Fig. 5). Then plC3151 was digested Kpn! - EcoRV, the 
Kpnl site was blunted with T4 DNA polymerase and the cut plasmid was selfligated to 
eliminate the sites between Kpnl and EcoRV. The resulting plasmid was named pIC 3312 
(see Fig. 5). 

B. Cloning of spliceable provector plC3393 and control construction DIC34Q1 
The dsDNA fragments described in example 1 containing donor and acceptor splice sites 
were cloned into plC3312 using Clal and Xhol sites in the case of donor and Hindlll and 
Ncol in case of acceptor splice sites (see Fig. 6). The obtained plasmids were named 
plC3378 (donor site) and plC3382 (acceptor site). 

To obtain a negative control construct, plC3401 EcoRI-Notl fragment from plC3382 was 
cloned into plC3301 (Fig. 7). 

The final construct plC3393 was obtained in two-fragment cloning using the EcoRI-Pstl 
fragment from plC3378 with the Pstl-Notl fragment from pIC3382 and plC3301 digested 
EcoRI and Notl as a vector (Fig. 7). 

EXAMPLE 10 

Expression of reporter gene in plant leaves bv converted CrTMV-based spliceable provector 

Separate N. benthamiana leaves were particle-bombarded with plasmids plC3393 and 
plC3401. GFP fluorescence was detected in several multi-cellular loci 48 hours after 
bombardment in case of plC3393. No GFP fluorescence appeared in leaves bombarded 
with control construct plC3401 . 

Example 11 

Expression of one aene of interest from viral vector assembled from two CrTMV-based 
provectors through site specific att/integrase-based recombination system 

a) General description of the system 



WO 02/088369 



PCT/EP02/03476 



30 

The system described consists of two core types of CrTMV based vectors which carry attB- 
or attP-recombination sites (Fig. 15): 

i) Vector type: Polymerase-MP-attP: The vector encodes the RdRp of CrTMV and the 
movement protein (MP), which allows the virus cell to cell, but not systemic movement. The 
viral transcription is controlled by an Arabidopsis-Actln 2 promoter. 

ii) Vector type: attB-gene of interest-3'NTR-nos-terminator (see Fig. 15 a-b): This class of 
vectors encodes a reporter gene (sGFP or GUS) and regulatory elements (nos: nopalin- 
synthase terminator; 3' NTR: nontranslated region, pseudoknots and tRNA-like structure of 
CrTMV). 

iii) Vector type: attB-ubiquitin-gene of interest-3'NTR-nos-terminator (see Fig. 15 c): In order 
to obtain a defined protein which can be isolated from plants, an ubiquitin-cleavage-signal- 
sequence was introduced between the attB-recombination-site and the downstream located 
gene of interest (e.g. GFP, lnterferona2B, Insulin or Somatotropin). By using this system, 
any amino acid except prolin can be chosen as the first amino acid of the synthesized 
protein. 

After recombination catalyzed by the integrase-enzyme (via coinfection of a integrase- 
encoding viral construct), functional units (replicons) are formed which are able to express 
the gene of interest efficiently and are capable of cell-to-cell movement (Fig. 8 A-C). 

b) Plasmid construction 

A) Cloning of vector type: polvmerase-MP-attP (Fig. 16) 

An Kpni-Xhol-fragment fragment was taken from plasmid plC3461 (Fig. 16). After blunting the 
Xhol-restrictipn-site, the fragment was cloned into the binary vector plC3994 which carries two 
attB-sites in direct orientations, left- and right-T-DNA-borders (LB and RB) and a Kanamycin- 
expression-cassette as a plant transformation marker. Like the analogous clone from the 
Cre/Lox-system, the resulting plasmid plCH4851 carries an MP gene with a terminator codon 
which was introduced 25 AA before the natural stop. 

B. Cloning of the vector-type: attB-gene of interest-3'NTR-nos-terminator fFiqs. 17-20) 



a) Construct attB-sGFP-3'NTR-nos 
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Primer combination A) 

attB Xho (+): ATCACTCGAGCTCGAAGCCGCGGTGCGGGT: Complementary to the 5'-part 
of attB and carrying an Xhol-restriction site at the 5-terminus 

attB SI (-): GGTAATTGTTGTAAAAATACGATGGGTGAAGGTGGAGTACG: The 3'-part of 
the primer corresponds to the 3'-region of the attB-sequence, the 5-part 
contains 20 nucleotides with complementary to the S'-part of the Q-element. 

Primer combination A was used on an attB-containing template in order to create a PCR- 
product which consists of the complete attB-sequence, 20 Nt of the Q-leader sequence and an 
Xhol-restriction-site at the 5'end. 

Primer combination B) 

attB Q (+): CGTACTCCACCTCACCCATCGTATTTTTACAACAATTACC: 

/ The 3-part of the primer corresponds to the 5'-region of the Q-sequence, the 
5'-part contains 20 nucleotides with complementary to the 5'-part of the attB- 
eiement. 

Q Ncol (-): CATGCCATGGGTAATTGTAAATAGTAATTGTAATGTT 

Complementary to the 3'-part of fi and carrying an Ncol-restriction site at the 
5'-terminus 

Primer combination B was used on an Q-sequence-containing template in order to 
create a PCR-product which contains the complete sequence of the Q-leader, 20 Nt of the 
attB-recombination site and a Ncol-restriction-site at the 3'end. 

After obtaining PCR products from primer combination A) and B), the isolated 
oligonucleotides were used together as templates for a PCR-reaction by using the primers attB 
Xhol (+) and Q Ncol (-). As a final PCR-product, a fusion of the attB-recombination- and Q- 
leader-sequence could be synthesized. This fragment contains Xhol- and a Ncol-restriction 
sites at its termini. The PCR-product was isolated, digested and cloned into the Xhol- and 
Ncol-sites of plasmid plCH3441 in order to replace the LoxP-Q-fusion. The intermediate 
plasmid was treated with Kpnl and Hindi II. By inserting this fragment into the corresponding 
sites of the binary vector BV10, a attB-sGFP-3'NTR-nos vector could be obtained which is 
transformable into Agrobacterium (plCH5151, see Fig. 17). 

A similar approach was used for cloning an analogous provector with the reporter gene 
GUS. The above described PCR-fragment was cloned into the Xhol- and Ncol-sites of the 
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GUS-containing plasmld pICH3521 resulting In plasmid plCH4061. Finally, a Kpnl-Hindlll- 
fragment of plasmid plasmid plCH4061 was ligated into the binary-vector BV10, resulting in the 
final vector plCH5161 which is capable of stable Agrobacfer/um-transformation (plCH5161, 
see Fig. 18). 

C) Construction of a attB-Ubiquitin-interferon-containing 3'-provector 

In order to clone a fusion of a ubiquitin-sequence and interferon a2B into an attB-3- 
provector, both sequences were synthesized as a fusion and cloned into pUC19 (obtaining 
plasmid pUC5760). The vector was digested with Ncol and Pstl and the resulting fragment was 
ligated into the corresponding restriction-sites of plasmid plCH5781. The resulting plasmid 
plCH5951 contains an attB-recombination site, the ubiquitin-interferon fusion, an 3' 
nontransiated region, a nos promoter and a Kanamycin-expression-cassette. All said 
sequences are flanked by T-DNA borders (LB and RB, see Fig. 19). 

D) In order to replace the Q-sequence by different IRES-elements which can serve as 
translational enhancers, a Clal/Apal-fragment was taken from plasmid plC1701 (that contains 
IRES mp 75(U1 )) or plCH1731 (contains IRES mp 75(cr)), respectively. The fragments were cloned 
into the plasmid plCH5939 (similar to plasmid plCH5781, but without Ncol-restriction-site with 
ATG-sequence as transcription initiation-codon). In the final binary vectors (pICH6871, 
plCH6891), the attB-recombination-site is located adjacent to an IRES-sequence of 75 bp 
(6871: U1-origin, 6891: CrTMV-origin), a sGFP-reporter gene and the regulatory elements 
3'NTR and nos. 

E) Cloning of vector type Polymerase-MP-LoxP into binary vectors 

In order to clone the polymerase-MP carrying LoxP-provector into a binary vector, a 
Kpnl/Xhol and a Xhol/Hindlll-fragment were ligated together into the vector pICBVIO which 
was digested with Hindlll and Kpnl. The resulting plasmid plCH4371 can be stably transformed 
into Agrobacterium (Fig. 21). 

F) Cloning of vector type LoxP-gene of interest-3'NTR-nos-terminator into binary vector 

An analogous cloning strategy like in E) was used to clone the LoxP-reporter gene 
provector into a binary vector. Plasmid pICH3441 was digested with the enzymes Kpnl and 
Hindlll. The resulting fragment was inserted in the corresponding sides of pICBVIO resulting 
in the binary plasmid plCH4461 (see Fig. 22). 



Example 12 
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Delivery of viral vector constructs by infiltration of Aarobacterium tumefaciens suspension into 
plant leaves of N. benthamiana and N. tabacum 

All provectors of the Cre/Lox and the integrase/att-system have been cloned into binary 
vectors which can be transformed stably into Agrobacteria. Hence, DNA-delivery methods 
alternative to the described techniques are available. 

A very simple delivery method is the infiltration of Agrobacteria suspensions into intact 
leaves. This so called agroinfiltration was initially developed to analyze foreign gene 
expression and gene silencing in plants (Kaplia et a/., 1997, Plant Science, 122, 101-108; 
Schob et a/., 1997, Mol. Gen. Genet., 256, 581-588). Agroinfiltration of transgenic tobacco 
plants was performed according to a modified protocol described by Yang et a/., 2000, The 
Plant Journal, 22(6), 543-551. Agrobacterium tumefaciens strain GV3101 was transformed 
with individual constructs (pICH4851, plCH5151, plCP1010, Fig 23) was grown in LB-medium 
supplemented with Rifampicin 50 mg/l, carbencilin 50 mg/l and 100 mM acetosyringone at 28 
°C. Agrobacterium cells of an overnight culture (5 ml) were collected by centrifugation (10 min, 
4500 g) and resuspended in 10 mM MES (pH 5.5) buffer supplemented with 10 mM MgS0 4 
and 100 pM acetosyringone. The bacterial suspension was adjusted to a final OD 800 of 0.8. In 
case of delivery of several constructs, Agrobacteria suspensions of different constructs were 
mixed in equal volumes before infiltration. 

Agroinfiltration was conducted on near fully expanded leaves that were still attached to 
the intact plant. A bacterial suspension was infiltrated using a 5 ml syringe. By infiltrating 100 
yl of bacterial suspension into each spot (typically 3-4 cm 2 in infiltrated area), 8 to 16 spots 
separated by veins could be arranged in a single tobacco leaf. After infiltration, plants were 
further grown under greenhouse conditions at 22 °C and 16 h light. 

Leaves of A/, benthamiana and A/, tabacum that were infiltrated with the constructs 
show expanding sectors of strong GFP-expression 8-12 days after infiltration. The expression 
could be detected under UV-light directly on the infiltrated leaves. No GFP expression could be 
observed in case of controls (provector-combination without the integrase-clone). 

Example 13 

Delivery of viral provectors by infiltration of an Aarobacterium tumefaciens suspension into 
plant leaves of transgenic tobacco plants expressing the Cre recombinase (plCH1754l 

Leaves of transgenic tobacco plants (transformed construct: plCH1754, species 
Nicotiana tabacum) infiltrated with construct plCH4371 and plCH4461 showed 16 days after 
infiltration growing sectors of strong GFP-expression which could be observed without 
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microscope under UV-light on intact plants. No GFP-expression was visible on wild type leaves 
infiltrated with the same Agrobacteria suspension mix. 

Example 14 

The use of IRES s equences of viral origin (IRESmc^ from CrTMV or Up as translational 
enhancer sequences 

The presence of an att- or LoxP- recombination-site between promoter and a 
downstream located gene limits the efficiency of translation. Therefore, in most cases, it is 
necessary to use translational enhancing elements to reach an appropriative level of reporter 
gene-expression in the provector-system. Cloning of the viral IRES sequences IRES mp 75(U1) 
or IRES mp 75(cr) respectively between the attB-recombination site and GFP clearly increases 
the expression of the reportergene. Whereas plants, which have been infiltrated with GFP- 
containing provectors that carry no translational enhancer show nearly no detectable GFP- 
expression after 10 days, the use of said IRES-sequences led to expression of GFP, which 
can be detected under UV-light without using a microscope after 5 days. The expression level 
of gene of interest provided by IRES mp 75-based translational enhancer activity is comparable 
or even higher than such provided by "omega" translational enhancer. 
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CLAIMS 

1. A process of causing amplification and/or expression of one or more nucleic acid 
sequences of interest in a plant, plant tissue, plant cell or cell culture, characterized in 
that a plant cellos provided with at least one precursor vector designed for undergoing 
processing in said cell, whereby due to said processing said plant cell is endowed with 
at least one replicon which provides for said amplification and/or expression. 

2. A process of causing amplification and/or expression of one or more nucleic acid 
sequences of interest in a plant, plant tissue, plant cell or cell culture, characterized in 
that a plant cell is provided with at least two precursor vectors designed for undergoing 
processing by site-specific recombination in said cell, whereby due to said processing 
said plant cell is endowed with at least one replicon which provide(s) for said 
amplification and/or expression. 

3. A process of causing amplification and/or expression of one or more nucleic acid 
sequences of interest in a plant, plant tissue, plant cell or cell culture, characterized in 
that a plant cell is provided with at least one precursor vector designed for undergoing 
processing in said cell, whereby due to said processing said plant cell is endowed with 
at least two replicons which 

(a) are structurally related to each other owing to said processing; 

(b) are functionally distinct from each other; and 

(c) provide for said amplification and/or expression. 

4. The process of any one of claims 1 to 3, wherein said providing the plant cell with a 
precursor vector is done by viral transfection, >Agro6actenu/77-mediated delivery, non- 
biological delivery, or by conversion of a pre-precursor vector DNA that was pre- 
integrated into a plant nuclear DNA to form a precursor vector or precursor vectors. 

5. The process of any one of claims 1 to 4, wherein said precursor vector is of plant virus 
origin. 

6. The process of any one of claims 1 to 5, wherein said precursor vector is of DNA virus 
origin. 
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7. The process of any one of claims 1 to 5, wherein said precursor vector is of RNA virus 
origin. 

8. The process of any one of claims 1 to 5, wherein said precursor vector is essentially of 
retrotransposon origin. 

9. The process of any one of claims 1 to 8, wherein the processing of the precursor vector 
is by DNA modification. 

10. The process of claim 9, wherein the processing of the precursor vector is by DNA 
recombination, insertion, excision or ligation. 

1 1 . The process of claim 10, wherein said processing comprises the production of a set of 
at least two replicons of the type AB 1f AB 2 , ... , AB n or of the type B^, B 2 A, ... , B n A by 
site-specific recombination of a primary precursor vector (A) with a set of at least two 
secondary precursor vectors (B^ B 2> ... , B n ), wherein n is an integer of ;>2. 

1 2. The process of one of claims 3 to 7, wherein the processing of the precursor vector is 
by RNA modification. 

13. The process of claim 12, wherein the processing of the precursor vector is by RNA 
splicing, ligation or recombination. 

14. The process of claim 13, wherein said processing comprises splicing of a precursor 
vector into a mixture of two replicons consisting of said precursor vector and a splicing 
product thereof. 

1 5. The process of any one of claims 1 to 14, wherein conditions are provided that facilitate 
precursor vector processing to give said replicons. 

16. The process of any one of claims 1 to 15, wherein said plant cell is of wild type. 

17. The process of any one of claims 1 to 15, wherein said plant cell is genetically 
engineered so as to provide functions necessary for said processing in the plant cell. 

18. The process of claim 17, wherein said plant cell is genetically engineered so as to 
provide in trans one or more functions necessary for replicon replication, virus particle 
assembly, infectivity, suppression of silencing by the host, reverse transcription, 
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integration into a host chromosome, cell to cell or long distance movement of said 
replicons or for recombination or splicing. 

19. The process of claims 17 or 18, wherein said genetic engineering of said plant cell is 
done by transient expression, virus- or /4gro6acter/um-mediated transfection, stable 
integration into genomes of nuclei or organelles or into autonomously replicating 
plasmids of said plant cell. 

20. The process of any one of claims 1 to 19, wherein said processing comprises 
recombination of at least two precursor vector molecules. 

21. The process of claim 20, wherein said recombination of at least two precursor vector 
molecules results in in vivo assembly of an expressable gene within a replicon, thereby 
combining different functional gene modules, such as promoter, transcription 
enhancer, translation enhancer, terminator, coding parts of protein of interest, signal or 
transit or membrane transport peprtide, purification or visualization of a polypeptide 
tag, or other fusion proteins, said different functional gene modules originally being 
located on two or more of said precursor molecules. 

22. The process of any one of claims 1 to 21 , which results in amplification and/or 
expression of two or more nucleic acid sequences of interest. 

23. The process of claim 22, wherein said process results in amplification and/or 
expression of multiple genes of a biochemical pathway or cascade. 

24. The process of any one of claims 1 to 23, wherein one or more of said replicons retain 
additional viral capabilities such as viral particle assembly, infectivity, suppression of 
gene silencing, reverse transcription, integration into the host chromosome, cell to cell 
movement, or long distance movement. 

25. The process of any one of claims 1 to 24, wherein one of said replicons is essentially 
a wild type virus which provides in trans conditions necessary for replication of another 
replicon or replicons. 

26. The process of any one of claims 1 to 24, wherein one of said replicons is essentially 
a helper type virus which provides in trans functions necessary for replication of 
another replicon or replicons. 
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27. The process of any one of claims 1 to 24, wherein one of said replicons is essentially 
a wild-type retrovirus or retrotransposon which provides in trans functions necessary 
for replication, reverse transcription, integration into a host chromosome of another 
replicon or repiicons. 

28. The process of one of claims 1 to 27, wherein at least two of said replicons cooperate 
functionally with each other. 

29. The process of one of claims 1 to 28, wherein at least one of said replicons further 
provides for an expression of products necessary for replicating said replicons. 

30. The process of any one of claims 1 to 29, wherein at least one of said replicons further 
provides for an expression of products necessary for cell-to-cell, long-distance or plant- 
to-plant movement, suppression of gene silencing, reverse transcription, integration 
into the host chromosome. 

31 . The process of claim 29 or 30, wherein said products function in trans. 

32. The process of claim 29 or 30, wherein said products function in cis. 

33. The process of one of claims 1 to 32, wherein one of said replicons contains an 
IRES mp 75 as translational enhancer operably linked to a heterologous nucleic acid 
sequence encoding a protein of interst. 

34. The process of one of claims 1 to 33, wherein a plant cell is provided with at least two 
precursor vectors designed for undergoing processing in said cell. 

35. A process for the production of a biochemical product, comprising the amplification 
and/or expression of one or more nucleic acid sequences of interest according to any 
one of claims 1 to 34. 

36. The process of claim 35, wherein the biochemical product is a protein, notably a 
pharmaceutical protein or a functional antibody. 

37. A process of gene function determination, comprising amplification and/or expression 
of one or more nucleic acid sequences of interest according to any one of claims 1 to 
34. 
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38. A process for artificial or directed evolution, comprising amplification or expression of 
one or more nucleic acid sequences of interest according to any one of claims 1 to 34. 

39. A process of genetic transformation, comprising amplification of one or more nucleic 
acid sequences of interest according to one of claims 1 to 34, followed by integration 
of said sequences into a plant cell genome utilising a retrovirus or retrotransposon- 
based integration process. 

40. Vectors or precursor vectors for performing the process according to one of claims 1 to 
34. 

41 . Viral material for performing the process of claims 1 to 34. 

42. Viral material or replicons obtained or obtainable by performing the process of any one 
of claims 1 to 34. 

43. Plant material obtained or obtainable by performing the process of any one of claims 1 
to 34. 

44. Kit-of-parts comprising 

(i) plant cells, seeds or plants and 

(ii) vectors or precursor vectors according to claim 40 or viral material according to 
claim 41. 

45. Kit-of-parts according to claim 44, wherein the vectors or precursor vectors are 
contained in an Agrobacterium strain. 
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